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(57) ABSTRACT 

An acoustic system for applying vibratory energy including 
a horn connected to an ultrasonic energy source. The horn 
de?nes an overall length and Wavelength, and at least a 
leading section thereof is comprised of a ceramic material. 
The leading section has a length of at least 1/s the horn 
Wavelength. In one preferred embodiment, an entirety of the 
horn is a ceramic material, and is mounted to a separate 
component, such as a Waveguide, via an interference ?t. 
Regardless, by utilizing a ceramic material for at least a 
signi?cant portion of the horn, the ultrasonic system of the 
present invention facilitates long-term operation in extreme 
environments such as high temperature and/or corrosive 
?uid mediums. The present invention is useful for fabrica 
tion of metal matrix composite Wires. 

25 Claims, 3 Drawing Sheets 

14 

30 

F 
1 

5 
2A 2A ; 

| 

ENERGY #12 1 
SOURCE I. 

I 
| 

40 1 
l : 

_______ __1 

16/ 44 
AIR 

SOURCE ‘a 
42 



US 7,297,238 B2 
Page 2 

US. PATENT DOCUMENTS 6,652,992 B1* 11/2003 Gunnerman .............. .. 428/673 

5,529,816 A * 6/1996 Sartini et al. ............. .. 427/600 OTHER PUBLICATIONS 

5,645,681 A * 7/1997 Gopalakrishna et al. . 156/5802 Applicanm admitted priorm p l 1ineS17_25 * 
>x< , ~ , . 

i * 1 gay? it 31' """""" " 153/258??? Ohsawa, Y. et al. Effects of Ultrasonic vibration on solidi?cation 
’ ’ 0 e a ' """""""""" " ' structures of cast iron. Imono. Nippon Imono Kyokai, Tokyo, Japan. 

5,935,143 A 8/1999 Hood 1995 V01 67 pp 325630 * 
>x< ' ' 2 ' ' 

$1 * 1131211? 31B """" " Ohsawa, Yoshiaki et al. Effects of Ultrasonic Vibration on Solidi 
’ ’ c u Oug e a ' """ " ?cation Structures of Cast Iron. Imono. vol. 67, Issue No. 5, 1995, 

6,329,056 B1 12/2001 Deve et al. 325630 * 
6,344,270 B1 2/2002 McCullough et al. pp‘ ' 
6,498,421 B1 * 12/2002 Oh et al. ............. .. 310/323.18 * cited by examiner 



U.S. Patent Nov. 20, 2007 Sheet 1 of3 US 7,297,238 B2 

. w 

H w? N 

i iv, TN {N 
mm + 

[I .l in» ll: \NJ wmlxwm on 

12 womnow m2 

\8 

2 

momnow 
81v >o~mzw 

.ww mm 

\ 



U.S. Patent Nov. 20, 2007 Sheet 2 0f 3 US 7,297,238 B2 

@146 26% 



U.S. Patent Nov. 20, 2007 Sheet 3 0f 3 US 7,297,238 B2 

24 

52 52 

j ‘K 46 
26/’ 50 

34 /* 

FIG. 4 

12 

i 10 

/* 26 60 

V66 



US 7,297,238 B2 
1 

ULTRASONIC ENERGY SYSTEM AND 
METHOD INCLUDING A CERAMIC HORN 

BACKGROUND OF THE INVENTION 

The present invention relates to acoustics. More particu 
larly, it relates to an ultrasonic system and method incorpo 
rating a ceramic horn for long-term delivery of ultrasonic 
energy in harsh environments, such as high temperature 
and/ or corrosive environments. 

Ultrasonic is the science of the effects of sound vibrations 
beyond the limit of audible frequencies. The object of 
high-poWered ultrasonic applications is to bring about some 
physical change in the material being treated. This process 
requires the ?oW of vibratory energy per unit of area or 
volume. Depending upon the application, the resulting 
poWer density may range from less than a Watt to thousands 
of Watts per square centimeter. In this regard, ultrasonics is 
used in a Wide variety of applications, such as Welding or 
cutting of materials. 

Regardless of the speci?c application, the ultrasonic 
device or system itself generally consists of a transducer, a 
booster, a Waveguide, and a horn. These components are 
often times referred to in combination as a “horn stack”. The 
transducer converts electrical energy delivered by a poWer 
supply into high frequency mechanical vibration. The 
booster ampli?es or adjusts the vibrational output from the 
transducer. The Waveguide transfers the ampli?ed vibration 
from the booster to the horn, and provides an appropriate 
surface for mounting of the horn. Notably, the Waveguide 
component is normally employed for design purposes to 
reduce heat transfer to the transducer and to optimize 
performance of the horn stack in terms of acoustics and 
handling. HoWever, the Waveguide is not a required com 
ponent and is not alWays employed. Instead, the horn is often 
times directly connected to the booster. 

The horn is an acoustical tool usually having a length of 
a multiple of one-half of the horn material Wavelength and 
is normally comprised, for example, of aluminum, titanium, 
or steel that transfers the mechanical vibratory energy to the 
desired application point. Horn displacement or amplitude is 
the peak-to-peak movement of the horn face. The ratio of 
horn output amplitude to the horn input amplitude is termed 
“gain”. Gain is a function of the ratio of the mass of the horn 
at the vibration input and output sections. Generally, in 
horns, the direction of amplitude at the face of the horn is 
coincident With the direction of the applied mechanical 
vibrations. 

Depending upon the particular application, the horn can 
assume a variety of shapes, including simple cylindrical, 
spool, bell, block, bar, etc. Further, the leading portion (or 
“tip”) of the horn can have a siZe and/ or shape differing form 
a remainder of the horn body. In certain con?gurations, the 
horn tip can be a replaceable component. As used throughout 
this speci?cation, the term “hom” is inclusive of both 
uniformly shaped horns as Well as horn structures that de?ne 
an identi?able horn tip. Finally, for certain applications such 
as ultrasonic cutting and Welding, an additional anvil com 
ponent is provided. Regardless, hoWever, ultrasonic horn 
con?guration and material composition is relatively stan 
dard. 

For most ultrasonic applications, accepted horn materials 
of aluminum, titanium, and steel are highly viable, With the 
primary material selection criteria being the desired opera 
tional frequency. The material to Which the ultrasonic energy 
is applied is at room temperature and relatively inert, such 
that horn Wear, if any, is minimal. HoWever, With certain 
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other ultrasonic applications, Wear concerns may arise. In 
particular, Where the horn operates in an intense environ 
ment (e.g., corrosive and/or high temperature), accepted 
horn materials may not provide acceptable results. For 
example, ultrasonic energy is commonly employed to e?‘ec 
tuate in?ltration of a ?uid medium into a Working part. 
Fabrication of ?ber reinforced metal matrix composite Wires 
are one such example Whereby a toW of ?bers are immersed 
in a molten metal (e.g., aluminum-based molten metal). 
Acoustic Waves are introduced into the molten metal (via an 
ultrasonic horn immersed therein), causing the molten metal 
to in?ltrate the ?ber toW, thus producing the metal matrix 
composite Wire. The molten aluminum represents an 
extremely harsh environment, as it is both intensely hot (on 
the order of 700° C.) and chemically corrosive. Under severe 
conditions, titanium and steel horns Will quickly deteriorate. 
Other available metal-based horn constructions provide only 
nominal horn Working life improvements. For example, 
metal matrix composite Wire manufacturers commonly 
employ a series of niobium-molybdenum alloys (e.g., at 
least 4.5% molybdenum) for the horn. Even With this more 
rigorous material selection, niobium-based horns provide a 
limited Working life in molten aluminum before re-machin 
ing is required. Moreover, near the end of their “?rst” life, 
niobium alloy horns become unstable, potentially creating 
unexpected processing problems. In addition, formation of 
the niobium-molybdenum alloy horns entails precise, 
lengthy and expensive casting, hot Working, and ?nal 
machining operations. In vieW of the high cost of these and 
other materials, niobium (and its alloys) and other accepted 
horn materials are less than optimal for harsh environment 
ultrasonic applications. 

Ultrasonic devices are bene?cially used in a number of 
applications. For certain implementations, hoWever, the 
intense environment in Which the ultrasonic horn operates 
renders current horn materials economically unavailing. 
Therefore, a need exists for an ultrasonic energy system, and 
in particular an ultrasonic horn, adapted to provide long 
term performance under extreme operating conditions. 

SUMMARY OF THE INVENTION 

One aspect of the present invention relates to an acoustic 
system for applying vibratory energy, including a horn 
connected to an ultrasonic energy source. At least a leading 
section of the horn is comprised of a ceramic material. More 
particularly, the horn de?nes an overall length and Wave 
length. The ceramic material leading section has a length of 
at least 1/s the horn Wavelength. In one embodiment, an 
entirety of the horn is a ceramic material, and is mounted to 
a separate component, such as a Waveguide, via an interfer 
ence ?t. Regardless, by utiliZing a ceramic material for at 
least a leading section of the horn, the ultrasonic system of 
the present invention facilitates long-tem operation in 
extreme environments such as high temperature and/or 
corrosive ?uid mediums. For example, it has surprisingly 
been found that ceramic-based horns such as SiN4, sialon, 
A1203, SiC, TiB2, etc., have virtually no chemical reactivity 
When applying vibratory energy to highly corrosive and 
molten metal media, especially molten aluminum. 

Another aspect of the present invention relates to a 
method of applying ultrasonic energy in a ?uid medium, and 
includes providing the ?uid medium, and connecting an 
ultrasonic energy source to a horn at least a leading 1/8 
Wavelength of Which is a ceramic material. At least a portion 
of the horn is immersed in the ?uid medium. To this end, the 
horn is con?gured such that an entirety of the immersed 
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portion thereof is comprised of the ceramic material. Finally, 
the ultrasonic energy source is operated such that the horn 
delivers ultrasonic energy to the ?uid medium. In one 
embodiment, the ?uid medium is corrosive and has a tem 
perature of at least 500° C., and the method is characteriZed 
by not replacing the horn for at least 100 hours of ultrasonic 
energy delivery. 

Yet another aspect of the present invention relates to a 
method of making a continuous composite Wire. The method 
includes providing a contained volume of molten metal 
matrix material having a temperature of at least 600° C. A 
toW comprising a plurality of substantially continuous ?bers 
is immersed into the contained volume of molten metal 
matrix material. Ultrasonic energy is imparted via a horn, at 
least the leading 1/s Wavelength of Which is ceramic. The 
so-impar‘ted ultrasonic energy causes vibration of at least a 
portion of the contained volume of molten metal matrix 
material to permit at least a portion of the molten metal 
matrix material to in?ltrate into the plurality of ?bers such 
that an in?ltrated plurality of ?bers is provided. Finally, the 
in?ltrated plurality of ?bers is WithdraWn from the contained 
volume of molten metal matrix material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded vieW of an ultrasonic energy system 
in accordance With the present invention, With portions 
being shoWn in block form; 

FIG. 2A is an enlarged, cross-sectional vieW of a portion 
of the ultrasonic system of FIG. 1; 

FIG. 2B is a cross-sectional vieW of a portion of FIG. 2A 
along the lines 2B-2B; 

FIG. 3 is a perspective vieW of the ultrasonic horn stack 
of FIG. 1 upon ?nal assembly; 

FIG. 4 is an enlarged, schematic illustration of a portion 
of the ultrasonic system of FIG. 1 during use; and 

FIG. 5 is a schematic illustration of an apparatus for 
producing composite metal matrix Wires using ultrasonic 
energy in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

One embodiment of an ultrasonic system 10 in accor 
dance With the present invention is provided in FIG. 1. In 
general terms, the ultrasonic system 10 includes an energy 
source 12 (shoWn in block form), an ultrasonic or horn stack 
14, and a cooling system 16. Details on the various com 
ponents arc described beloW. In general terms, hoWever, the 
horn stack 14 includes a transducer 20, a booster 22, a 
Waveguide 24, and a horn 26. At least a portion of the horn 
26 is comprised of a ceramic material and is adapted to 
deliver mechanical vibratory energy generated by the trans 
ducer 20, the booster 22, and the Waveguide 24 via input 
from the energy source 12. The cooling system 16, as 
described beloW, cools an interface betWeen the horn 26 and 
the Waveguide 24. With this con?guration, the ultrasonic 
system 10, and in particular the horn 26, can provide 
ultrasonic energy in extreme operating environments (e.g., 
elevated temperature and/or chemically corrosive) on a 
long-term basis. 

Several components of the ultrasonic system 10 are of 
types knoWn in the art. For example, the energy source 12, 
the transducer 20, and the booster 22 are generally conven 
tional components, and can assume a variety of forms. For 
example, in one embodiment, the energy source 12 is 
con?gured to provide high frequency electrical energy to the 
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4 
transducer 20. The transducer 20 converts electricity from 
the energy source 12 to mechanical vibration, nominally 20 
kHZ. The transducer 20 in accordance With the present 
invention can thus be any available type such as pieZoelec 
tric, electromechanical, etc. Finally, the booster 22 is also of 
a type knoWn in the art, adapted to amplify the vibrational 
output from the transducer 20 and transfer the same to 
Waveguide 24/hom 26. In this regard, While the system 10 
can include the Waveguide 24 betWeen the booster 22 and 
the horn 26, in an alternative embodiment, the horn 26 is 
directly connected to the booster 22 such that the Waveguide 
24 is eliminated. 

Unlike the components described above, the horn 26, and 
Where provided the Waveguide 24, represent distinct 
improvements over knoWn ultrasonic systems. In particular, 
a substantial portion of the horn 26, and in one embodiment 
an entirety of the horn 26, is formed of a ceramic material. 
By Way of reference, the horn 26 is de?ned by a trailing end 
30 and a leading end 32. The trailing end 30 is attached to 
the Waveguide 24, Whereas the leading end 32 represents the 
Working end of the horn 26. Thus, for example, Where the 
ultrasonic system 10 is employed to deliver ultrasonic 
energy to a ?uid medium, the leading end 32 (along With 
portions of the horn 26 adjacent the leading end 32), is 
immersed in the ?uid medium. With these designations in 
mind, the horn 26 is de?ned by a length from the trailing end 
30 to the leading end 32, and de?nes a horn material 
Wavelength. The ceramic portion of the horn 26 is at least 1/s 
of this Wavelength in length, extending proximally from the 
leading end 32 toWard the trailing end 30. In other Words, the 
horn 26 de?nes a ceramic leading section 34 having a length 
of at least 1/s the horn material Wavelength. Alternatively, the 
ceramic portion leading section 34 can have a length that is 
greater than 1/s the horn material Wavelength, for example at 
least 1A Wavelength or 1/2 Wavelength. In a most preferred 
embodiment, an entirety of the horn 26 is formed of a 
ceramic material. Regardless, the ceramic portion of the 
horn is not a mere coating or small head piece; instead, the 
present invention utiliZes ceramic along a signi?cant portion 
of the horn 26. 

A variety of ceramic materials are acceptable for the horn 
26 (or the leading section 34 thereof as previously 
described), and includes at least one of carbide, nitride, 
and/or oxide materials. For example, the ceramic portion of 
the horn 26 can be silicon nitride, aluminum oxide, titanium 
diboride, Zirconia, silicon carbide, etc. In an even more 
preferred embodiment, the ceramic portion of the horn 26 is 
an alumina, silicon nitride ceramic composite, such as sialon 

(Si6_,C Al,C O,C N806). 
While the horn 26 is depicted in FIG. 1 as being a 

cylindrical rod, other shapes are available. For example, the 
horn 26 can be a rectangular- or square-shaped (in cross 
section) bar, spherical, tapered, double tapered, etc. The 
selected shape of the horn 26 is a function of the intended 
end application. 

Depending upon hoW the horn 26 is provided, the 
Waveguide 24 can assume a variety of forms, as can the 
coupling therebetWeen. For example, Where a trailing sec 
tion 36 of the horn 26 is something other than ceramic (e. g., 
titanium, niobium, or other conventional horn material), the 
Waveguide 24 can also be of a knoWn con?guration, as can 
the technique by Which the horn 26 is secured to the 
Waveguide 24. For example, Where the trailing section 36 of 
the horn 26 is comprised of a standard horn material, such 
as niobium and its alloys, the Waveguide 24 can be formed 
of a titanium and/ or steel material, and the horn 26 mounted 
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thereto With a threaded fastener. Alternative mounting tech 
niques not previously employed in the ultrasonic horn art are 
described beloW. 

In accordance With one embodiment in Which an entirety 
of the horn 26 is formed of a ceramic material, a mechanical 
?t mounting technique can be employed to couple the horn 
26 and the Waveguide 24 (or the booster 22 When the 
Waveguide 24 not included). For example, and With refer 
ence With FIGS. 2A and 2B, the Waveguide 24 and the horn 
26 are adapted to facilitate an interference ?t therebetWeen. 
More particularly, the Waveguide 24 forms an internal bore 
38 having a dimension(s) corresponding With an outer 
dimension(s) of the horn 26. Thus, for example, Where the 
horn 26 is provided as a cylindrical rod, the bore 38 and the 
trailing end 30 de?ne diameters selected to generate an 
appropriate interference ?t therebetWeen. In this regard, and 
as previously described, the ultrasonic system 10 is prefer 
ably adapted for use in high temperature environments (i.e., 
at least 2000 C.; at least 350° C. in another embodiment; at 
least 500° C. in another embodiment), such as molten metal. 
Under these conditions, the interference or junction ?t must 
be such that the ceramic horn 26 does not loosen relative to 
the Waveguide 24 at the high temperatures likely encoun 
tered. The Waveguide 24 is formed in one embodiment of a 
material other than ceramic to best facilitate connection 
betWeen the booster 22 and the horn 26; it being recogniZed 
that by using varying materials for the Waveguide 24 and the 
horn 26, these components Will expand at different rates 
When subjected to highly elevated temperatures. In conjunc 
tion With this material expansion, hoop stresses Will be 
imparted by the horn 26 onto the Waveguide 24 as the horn 
26 expands. With this in mind, and in one embodiment, the 
Waveguide 24 is formed of a titanium material as opposed to 
other often employed materials for these high temperature 
applications (such as niobium) because the hoop stresses 
caused by the interference ?t are much less than the yield 
strength of titanium. That is to say, niobium (and alloys 
thereof) is unable to Withstand expected hoop stresses at 
elevated temperatures (e.g., on the order of at least 500° C.). 
For example, Where the ultrasonic system 10 is used to apply 
ultrasonic energy to a molten metal medium, the Waveguide 
24 is preferably titanium, and the bore 40 is selected to 
provide an interference ?t of 0.003 inch at room tempera 
ture. 

The above interference ?t clamping-type technique for 
assembling the horn 26 to the Waveguide 24 is but one 
acceptable approach. Other mechanical clamping techniques 
can be employed, such as forming the Waveguide 24 to 
include a split clamp con?guration, etc. Regardless, the 
junction point betWeen the Waveguide 24 and the horn 26 is 
preferably at the anti-node of the Waveguide 24, although 
other junction points (e.g., a vibrational node of the 
Waveguide 24) are acceptable. Regardless, the interference 
assembly technique of the horn 26 to the Waveguide 24 
facilitates overall tuning of the horn stack 14 by machining 
or adjusting of the Waveguide 24. This is in contrast to 
accepted techniques Whereby the horn 26 is precisely 
machined as a half-Wavelength horn. Due to the potential 
complications associated With machining of ceramics, the 
present invention facilitating machining the Waveguide 24 as 
part of the tuning process. As such, the horn 26 can have a 
length that is something other than a half-Wavelength. To 
this end, it is recogniZed that typically a half-Wavelength 
requirement is needed for both the Waveguide 24 and the 
horn 26 lengths to maintain nodes at a mid-span of the 
Waveguide 24/horn 26, and anti-nodes at the Waveguide 
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6 
24/horn 26 interface(s) for optimal resonance (e.g., 20 kHZ) 
With minimum consumption of energy throughout the horn 
stack 14. 

Returning to FIG. 1, the ultrasonic system 10 includes, in 
one embodiment, the cooling system 16 for effectuating 
cooling of the previously described junction betWeen the 
horn 26 and the Waveguide 24, as Well as other components 
of the horn stack 14. In general terms, one embodiment of 
the cooling system 16 includes a shroud 40, an air source 42, 
and a conduit(s) 44. With additional reference to FIG. 3, the 
shroud 40 is siZed for placement about the horn stack 14, 
With a distal end 46 thereof being positioned adjacent the 
Waveguide 24/horn 26 junction. The conduit 44 ?uidly 
connects the air source 42 With an interior of the shroud 40, 
thereby directing forced air?oW from the air source 42 
Within the shroud 40. In one embodiment, the system 10 
further includes a bracket 48 for mounting of the horn stack 
14. 
As best shoWn in FIG. 4, for example, during use, a 

portion of the horn 26 (and in particular at least a portion of 
the ceramic leading section 34) is immersed Within a ?uid 
medium 50. For certain applications, the ?uid medium 50 
can be extremely hot, such as molten aluminum having a 
temperature of approximately 710° C. Under these condi 
tions, heat from the ?uid medium 50 may negatively affect 
stability of the mounting betWeen the Waveguide 24 and the 
horn 26. In accordance With one embodiment, hoWever, the 
cooling system 16 minimizes potential complications. In 
particular, the shroud 40 surrounds the Waveguide 24/horn 
26 junction, and de?nes a gap 52 betWeen the shroud 40 and 
the Waveguide 24/horn 26. Air from the air source 42 (FIG. 
1) is forced into this gap 52 via the conduit 44 (FIG. 1) and 
passes outWardly from the shroud 40. Thus, the forced 
air?oW removes heat from the Waveguide 24/horn 26 junc 
tion, and cools the Waveguide 24, the booster 22 (FIG. 1) and 
the transducer 20 (FIG. 2). Alternatively, other cooling 
system designs can be employed. Further, Where heat from 
the ?uid medium 50 is of less concern and/or the Waveguide 
24/horn 26 assembly is stable at expected temperatures, the 
cooling system 16 can be eliminated entirely. 
The ultrasonic system 10 of the present invention is 

highly useful for a variety of ultrasonic applications, espe 
cially those involving extreme environments, such as cor 
rosive environments, high temperature ?uid mediums, com 
binations thereof. In particular, by forming a relevant portion 
of the horn 26, preferably an entirety of horn 26, of a ceramic 
material, the horn 26 Will not rapidly erode upon exposure 
to the extreme environment. In particular, selected ceramic 
materials, such as sialon, silicon nitride, titanium diboride, 
silicon carbide, aluminum oxide, etc., are highly stable at 
elevated temperatures, and generally Will not corrode When 
exposed to acidic ?uids such as molten aluminum. Further, 
With respect to high temperature applications, the preferred 
ceramic horn 26 exhibits reduced heat transfer characteris 
tics (as compared to knoWn high temperature application 
horn materials such a niobium and niobium-molybdenum 
alloys) from the high temperature medium to a remainder of 
the horn stack. Thus, for molten metal applications having 
temperatures in excess of 700° C., the preferred ceramic 
horn 26 minimiZes heat transfer to the transducer 20, thereby 
greatly reducing the opportunity for damage to the trans 
ducer crystal. Where the horn 26 is entirely ceramic, the 
horn 26 exhibits virtually constant stiffness and density 
characteristics at ambient and elevated temperatures (e.g., in 
the range of 700° C.). 

With the above in mind, one exemplary application of the 
ultrasonic system 10 in accordance With the present inven 
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tion is in the fabrication of ?ber reinforced aluminum matrix 
composite Wires. FIG. 5 schematically illustrates one 
example of a metal matrix composite Wire fabrication sys 
tem employing the ultrasonic system 10 in accordance With 
the present invention. The fabrication method re?ected in 
FIG. 5 is referred to as “cast through” and begins With a toW 
of polycrystalline ot-Al2 O3 ?ber 60 transported through an 
inlet die 62 and into a vacuum chamber 64 Where the toW 60 
is evacuated. The toW 60 is then transported through a 
cooling ?xture 65 and then to a vessel 66 containing a metal 
matrix 68 in molten form. In general terms, the molten 
matrix metal 68 may be aluminum-based, having a tempera 
ture of at least 600° C., typically approximately 700° C. 
While immersed in the molten matrix metal 68, the toW 60 
is subjected to ultrasonic energy provided by the ultrasonic 
system 10, and in particular the horn 26 that is otherWise 
immersed in the molten metal matrix 68. Once again, an 
entirety of the horn 26 is preferably ceramic. Alternatively, 
Where only the leading section 34 (FIG. 1) is ceramic, the 
immersed portion of the horn 26 consists only of the ceramic 
leading section 34 (or a portion thereof). Regardless, the 
horn 26 vibrates the molten metal matrix 68, preferably at 20 
kHZ. In doing so, the matrix material is caused to thoroughly 
in?ltrate the ?ber toW 60. The in?ltrated ?ber toW 60 is 
draWn from the molten metal matrix 68. A number of other 
metal matrix composite Wire fabrication techniques in Which 
the system 10 of the present invention is useful are knoWn, 
one of Which is described, for example, in US. Pat. No. 
6,245,425, the teachings of Which are incorporated herein by 
reference. 

Regardless of the exact fabrication technique, and unlike 
existing ultrasonic systems incorporating a niobium horn, 
the ultrasonic system 10 of the present invention provides an 
extended operational time period Without requiring replace 
ment of the horn 26. That is to say, niobium horns (and 
niobium alloys) used in molten metal in?ltration applica 
tions typically fail due to erosion in less than 50 Working 
hours. In contrast, the ultrasonic system 10, and in particular 
the horn 26, in accordance With the present invention 
surprisingly exhibits a useful Working life Well in excess of 
100 Working hours in molten metal; even in excess of 200 
Working hours in molten metal. 

While the ultrasonic system 10 has been described as 
preferably being used With the fabrication of ?ber reinforced 
aluminum matrix composite Wire, bene?ts Will be recog 
niZed With other acoustic or ultrasonic applications. Thus, 
the present invention is in no Way limited to any one 
particular acoustic or ultrasonic application. 

EXAMPLES 

Objects and advantages of this invention are further 
illustrated by the folloWing examples, the particular mate 
rials and amounts thereof recited in these examples, as Well 
as other conditions and details, should not be construed to 
unduly limit this invention. 

Example 1 

An ultrasonic horn stack Was prepared by forming a 
cylindrical rod sialon horn having a length of approximately 
11.75 inches and a diameter of 1 inch. The horn Was 
interference ?t-mounted to a titanium Waveguide. The 
Waveguide Was mounted to a booster that in turn Was 
mounted to a transducer. An appropriate energy source Was 
electrically connected to the transducer. The so-constructed 
ultrasonic system Was then operated to apply ultrasonic 
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8 
energy to a molten aluminum bath. In particular, aluminum 
metal Was heated to a temperature in the range of about 7050 
C.-715o C. to form the molten aluminum bath. The ceramic 
horn Was partially immersed in the molten aluminum bath, 
and the horn stack operated such that the horn transmitted 
approximately 65 Watts at approximately 20 kHZ and sub 
jected to air cooling. At approximately 50-hour intervals, the 
horn Was removed from the molten aluminum bath, acid 
etched, and visually checked for erosion. Further, stability of 
the junction betWeen the Waveguide and the horn Was 
revieWed. The poWer and frequency readings, along With 
erosion and junction stability characteristics are noted in 
Table 1 beloW. After 200 hours of operation, the Waveguide/ 
horn junction remained highly stable, and very limited horn 
erosion or fatigue Was identi?ed. Thus, the ceramic horn Was 
able to Withstand delivery of ultrasonic energy to a corro 
sive, high temperature environment for an extended period 
of time. Notably, it is believed that horn and Waveguide/hom 
junction stability Would have been maintained for many 
additional hours beyond the 200-hour test. Additionally, 
measurements Were taken to determine Whether slight ero 
sion of the ceramic horn results in transfer of horn material, 
and in particular silicon, to the molten bath. With respect to 
Example 1, the silicon content of the molten aluminum bath 
Was measured at 153 ppm prior to applying ultrasonic 
energy. After 150 hours, the silicon content of the bath Was 
again tested, and Was found to be 135 ppm. Thus, silicon 
content of the bath Was not adversely affected by the ceramic 
ultrasonic horn. 

TABLE 1 

Power Frequency 
Hours (Watts) (kHz) Horn Erosion Junction Stability 

54 64 19,670 None Highly stable 
100 64 19,636 None Highly stable 
150 68 19,636 Slight Highly stable 
200 69 19,670 Slight Highly stable 

Example 2 

Preparation of Metal Matrix Composite Wires 

Composite metal matrix Wires Were prepared using toWs 
of NEXTELTM 610 alumina ceramic ?bers (commercially 
available from 3M Company, St. Paul, Minn.) immersed in 
a molten aluminum-based bath and subjected to ultrasonic 
energy to effectuate in?ltration of the toW. In particular, an 
ultrasonic system that included a sialon horn, similar to the 
horn described in Example 1, Was employed as part of a cast 
through methodology, shoWn schematically in FIG. 5. The 
process parameters Were similar to those employed for 
fabricating aluminum matrix composites (AMC) and fully 
described in Example 1 of US. Pat. No. 6,344,270 (’270), 
herein incorporated by reference. The sialon horn of present 
invention replaced the niobium alloy horn described in the 
’270 patent. With this Example, the sialon horn transmitted 
about 65 Watts at a frequency of about 20 kHZ. Approxi 
mately 6,500 feet of Wire Was produced over the course of 
thirteen experimental runs, and Was tensile tested using a 
tensile tester (commercially available as Instron 4201 tester 
from Instron of Canton, Mass.), pursuant to ASTM D 
3379-75 (Standard Test Methods for Tensile Strength and 
Young’s Modulus for High Modulus Single-Filament Mate 
rials). The tensile strength of the Wires produced in accor 
dance With Example 2 Was virtually identical to that asso 
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ciated With metal matrix composite Wires fabricated using a 
niobium-alloy ultrasonic horn, exhibiting a longitudinal 
strength in the range of approximately 1.51 GPa. 

Although the present invention has been described With 
reference to preferred embodiments, Workers skilled in the 
art Will recogniZe that changes can be made in form and 
detail Without departing from the spirit and scope of the 
present invention. 
What is claimed is: 
1. An acoustic system for analyZing vibratory energy, the 

system comprising: 
a horn connected to an ultrasonic energy source, the horn 

de?ning a length and a Wavelength, Wherein at least a 
leading section of the horn consists essentially of a 
ceramic material, the leading section having a length of 
at least 1/s the horn Wavelength; 

Wherein the horn is de?ned by a trailing end and a leading 
end, and further Wherein the ultrasonic energy source 
includes a mounting component for maintaining the 
trailing end of the horn, the horn being secured to the 
mounting component by a clamping mechanism; and 

Wherein the horn is a ceramic cylindrical rod and the 
mounting component de?nes a circular bore, and fur 
ther Wherein the trailing end of the horn is received 
Within the circular bore. 

2. The system of claim 1, Wherein the mounting compo 
nent and the horn are adapted to maintain an interference ?t 
at a temperature of at least 2000 C. 

3. The system of claim 2, Wherein the mounting compo 
nent and the horn are adapted to maintain an interference ?t 
at a temperature of at least 3500 C. 

4. The system of claim 1, Wherein the mounting compo 
nent includes a material selected from titanium or steel. 

5. An acoustic system for applying vibratory energy, the 
system comprising: 

a horn connected to an ultrasonic energy source, the horn 
de?ning a length and a Wavelength Wherein at least a 
leading section of the horn consists essentially of a 
ceramic material, the leading section having a length of 
at least 1/s the horn Wavelength; 

Wherein the horn is de?ned by a trailing end and a leading 
end, and further Wherein the ultrasonic energy source 
includes a mounting component for maintaining the 
trailing end of the horn, the horn being secured to the 
mounting component by a clamping mechanism; 

a tubular shroud surrounding a junction betWeen the 
mounting component and the horn; and 

an air source ?uidly connected to the shroud for deliver 
ing air through the shroud to cool the junction. 

6. The system of claim 1, Wherein the leading section has 
a length of at least 1/4 the horn Wavelength. 

7. The system of claim 1, Wherein the entirety of the horn 
consists essentially of a ceramic material. 

8. The system of claim 1, Wherein the ceramic material 
includes at least one ceramic selected from silicon nitride, 
aluminum oxide, sialon, titanium diboride, Zirconia, or sili 
con carbide. 
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9. The system of claim 1, Wherein the horn is a cylindrical 

rod. 
10. The system of claim 1, Wherein the horn is adapted for 

at least partial immersion in a high temperature ?uid 
medium. 

11. The system of claim 10, Wherein the horn is adapted 
to transmit ultrasonic energy at a frequency of approxi 
mately 20 kHZ to a molten metal-based medium and is 
characteriZed by a Working life of at least 100 hours. 

12. The system of claim 11, Wherein the horn is charac 
terized by a Working life of at least 200 hours When 
immersed in a molten aluminum-based medium. 

13. The system of claim 1, Wherein the horn is interfer 
ence ?tted to the mounting component. 

14. The system of claim 1, Wherein the mounting com 
ponent is selected from the group consisting of a Waveguide 
and a booster. 

15. The system of claim 1, further comprising: a trans 
ducer for changing electrical energy into ultrasonic vibra 
tion; a booster for increasing an amplitude of the vibration; 
and a Waveguide component for transferring the ampli?ed 
vibration to the horn. 

16. The system of claim 5, Wherein the leading section has 
a length of at least 1A the horn Wavelength. 

17. The system of claim 5, Wherein the entirety of the horn 
consists essentially of a ceramic material. 

18. The system of claim 5, Wherein the ceramic material 
includes at least one ceramic selected from silicon nitride, 
aluminum oxide, sialon, titanium diboride, Zirconia, or sili 
con carbide. 

19. The system of claim 5, Wherein the horn is a cylin 
drical rod. 

20. The system of claim 5, Wherein the horn is adapted for 
at least partial immersion in a high temperature ?uid 
medium. 

21. The system of claim 20, Wherein the horn is adapted 
to transmit ultrasonic energy at a frequency of approxi 
mately 20 kHZ to a molten metal-based medium and is 
characteriZed by a Working life of at least 100 hours. 

22. The system of claim 21, Wherein the horn is charac 
terized by a Working life of at least 200 hours When 
immersed in a molten aluminum-based medium. 

23. The system of claim 5, Wherein the horn is interfer 
ence ?tted to the mounting component. 

24. The system of claim 5, Wherein the mounting com 
ponent is selected from the group consisting of a Waveguide 
and a booster. 

25. The system of claim 5, further comprising: a trans 
ducer for changing electrical energy into ultrasonic vibra 
tion; a booster for increasing an amplitude of the vibration; 
and a Waveguide component for transferring the ampli?ed 
vibration to the horn. 
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